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Description 

[0001] The present invention relates to a filter for removing harmful compounds from tobacco smoke and to a 
method of making a cigarette including such a filter. 
5 [0002] The content of the earlier US provisional patent application No. 60/093,330 entitled "Safe Cigarette Filter" is 
incorporated herein by reference. 

[0003] People begin smoking cigarettes for a variety of reasons. Smoking has been portrayed as being heroic, cool 
and as enhancing sexual appeal. For some people, smoking also serves to soothe tension, anxiety, or loneliness. How- 
ever, as is commonly known, cigarette smoke contains the addictive compound nicotine. Addiction to nicotine makes it 
10 very difficult for smokers to stop smoking cigarettes, even though many realize that smoking will adversely affect their 
health. 

[0004] The serious negative health effects of smoking are generally caused by chemicals in tobacco smoke other 
than nicotine. Among these are polynuclear aromatic compounds, which are carcinogens suspected to cause or con- 
tribute to a variety of cancers. The formation of polynuclear aromatic compounds in cigarette smoke is the result of 
15 incomplete combustion of the cigarette due to short burning resident time. Furthermore, polynuclear aromatic com- 
pounds harm not only smokers, but also the surrounding environment and people who inhale them as second-hand 
smoke. Furthermore, tobacco smoke also contains cyanide, a highly toxic compound which causes adverse health 
effects in smokers and those inhaling second-hand smoke. 

[0005] The tobacco industry has attempted to alleviate the problems caused by polynuclear aromatics and cyanide 
20 by incorporating filters into cigarettes to remove these compounds when a smoker inhales. These filters are typically 
made of cellulose-based materials. The filters are effective in removing some of the toxic chemicals from tobacco 
smoke, but a substantial amount still passes through the filter. Consequently, there exists a need for improved filters for 
cigarettes and other tobacco products which are more efficacious in removing toxic and carcinogenic chemicals from 
tobacco smoke. Moreover, to encourage use of such a filter, the filter should not interfere with those aspects of smoking 
25 which smokers desire, including the taste and nicotine content of the smoke. 
[0006] The invention as claimed is to comply with these needs. 

[0007] The present invention advantageously provides a polyurethane foam filter which selectively removes poly- 
nuclear aromatic compounds and cyanide from tobacco smoke, while permitting most of the nicotine and flavor-enhanc- 
ing molecules in the smoke to pass through. Because of this, people smoking tobacco products who use the filter of the 
30 present invention may enjoy the smoking experience, but with less exposure to the dangerous components of tobacco 
smoke. 

[0008] In an embodiment of the present invention, the filter is designed for removing polynuclear aromatic com- 
pounds and cyanide from cigarette smoke. The filter comprises a tubular body with a proximal and a distal end. The 
tubular body is formed out of middle-density cellular polyurethane foam. The foam is pre-treated to increase the number 
35 of available binding sites for absorbing polynuclear aromatics and cyanide. When used with a cigarette having a con- 
ventional filter, the polyurethane foam filter having an uncompressed volume of about 2 cubic centimeters absorbs 
about 60% of the polynuclear aromatic compounds and cyanide contained in cigarette smoke which contact the filter, 
but permits about 75% of the contacting nicotine in the smoke to pass through. 

[0009] In another embodiment, a polyurethane foam filter of the present invention is substantially substituted for a 
40 conventional cigarette filter and is incorporated into the body of the cigarette as part of the manufacturing process. In 
this embodiment, a polyurethane foam filter, which prior to incorporation into the cigarette has an uncompressed vol- 
ume of about 2 cubic centimeters, absorbs at least 74% of the polynuclear aromatic hydrocarbons contacting the filter 
in the cigarette, but permits about 75% of the nicotine contacting the filter to pass through. In another embodiment, a 
similarly sized polyurethane foam filter of the present invention is completely substituted for a conventional cigarette fil- 
45 ter and absorbs at least 90% of the polynuclear aromatic hydrocarbons which pass through the filter. 

[0010] In another embodiment of the present invention, the filter is for removing carcinogenic and toxic compounds 
from tobacco smoke and comprises a pre-treated polyurethane foam body which absorbs 30 - 45% of contacting total 
polynuclear aromatic compounds per cubic centimeter of uncompressed polyurethane foam material forming the filter, 
but permits more than 88% of the contacting nicotine to pass through unabsorbed per cubic centimeter of polyurethane 
so foam material. The filter having these properties may be incorporated into a cigarette body, a cigar, a cigarette or cigar 
holder or a pipe body. 

[0011] In another embodiment the pre-treated polyurethane foam filter absorbs in aggregate 60% - 90% of 2-meth- 
ylnaphthalene, acenaphthylene, acenaphthene, dibenzofuran, fluorene, phenanthrene, anthracene, carbazole, fluoran- 
thene, pyrene, benzo(a)anthracene and chrysene in tobacco smoke passing through the filter per 2 cubic centimeters 
55 of uncompressed foam used to make the filter. 

[0012] The present invention also provides a method of making a safer cigarette including a filter according to the 
invention. The method comprises providing a middle-density cellular polyurethane foam(PUF), which may then be 
formed into a cylindrical body to form a filter. The PUF filter is then pre-treated by cleaning to increase the polynuclear 
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aromatic compound and cyanide binding sites. Alternately, the pre-treating step may occur before PUF filter is shaped 
into the cylindrical body. The cylindrical body is incorporated into a cigarette as a filter such that when the cigarette is 
lit, smoke will pass through the PUF filter prior to being inhaled by the smoker. 

[0013] In the following, the invention is explained by way of examples, taking reference to the accompanying draw- 
5 ing. Therein 

Figure 1 is a cross-sectional view of a cigarette incorporating a filter according to the present invention into the body 
of the cigarette and 

w Figure 2 is a cross-sectional view of a filter of the present invention incorporated into a cigarette holder which may 
be attached to and detached from cigarettes. 

[0014] Referring to Figure 1 , there is shown a cigarette 10 incorporating filter 35 of the present invention. Although 
illustrated and described in the context of a tobacco cigarette, it should be understood by those of skill in the art that the 

15 present invention may be readily applied to other tobacco products. For example, a larger diameter filter can be con- 
structed in accordance with the principles described herein for use with cigars. Similarly, the filter of the present inven- 
tion can be incorporated into or used with pipes and other apparatus used to smoke tobacco. Moreover, although the 
filter of the present invention is described as having a tubular or cylindrical shape, it should be appreciated by those of 
skill in the art that the filters of the present invention may take other shapes, including square, rectangular, spherical, 

20 and the like. In these other embodiments, the filter of the present invention will provide the same benefits described 
herein for cigarettes when the filter is placed in an environment where the tobacco smoke passes through the filter prior 
to being inhaled by the smoker. 

[0015] As shown in Figure 1, cigarette 10 comprises a cylindrical body 12 formed from a paper product which is 
wrapped around tobacco 20. Cigarette 10 has a distal end 14 and a proximal end 16. In this respect, cigarette 10 may 
25 be any conventional cigarette known to those of skill in the art, such as those made and sold today by the tobacco 
industry. Cigarette 10 may also incorporate a filter 25 near the proximal end 16 thereof. Filter 25 is also of the type con- 
ventionally used in cigarettes sold today, such as cellulose-based filters, but may be reduced in size when used in con- 
junction with polyurethane foam filters 35 of the present invention, as described below. 

[0016] Polyurethane foam (PUF) has been used by United States Environmental Protection Agency to trap polynu- 
30 clear aromatics, polychlorinated biphenyls, dioxins/furans, and the like, from air with reasonably high efficiency. These 
compounds have an affinity for polyurethane, and tend to be absorbed onto the surface of polyurethane. However, poly- 
urethane foams generally do not efficiently absorb low molecular weight organic compounds, including compounds with 
a single aromatic ring. Thus, nicotine, which is a substituted pyridine, is not absorbed well by polyurethane foams. Fur- 
thermore, many of the compounds in tobacco smoke which contribute to the smoke's flavor are generally small volatile 
35 molecules that tend to not be absorbed by polyurethane foam. 

[0017] In one embodiment, the benefits of the present invention are achieved by incorporating a filter 35 formed 
from a polyurethane foam into the body 12 of a tobacco product such as a cigarette 10. As shown in Figure 1, the filter 
35 is incorporated at proximal end 16 by being wrapped with a paper product. Preferably, cigarette 10 also incorporates 
a portion of conventional filter 25, and PUF filter 35 is positioned proximal to filter 25 at proximal end 16. When this two- 
40 filter combination is used, filter 25 will function to protect PUF filter 35 from burning when the tobacco is completely 
combusted. In this respect, it is preferred that filter 25 have a diameter approximately that of the cigarette body 1 2, and 
a length of from about 1 mm to about 4 mm, and more preferably from about 2 mm to about 
3 mm. 

[0018] As stated above, conventional filter 25 may be made of cellulose-based materials. However, other types of 
45 materials known to those of skill in the art may be used in place of filter 25 to protect filter 35, provided that the materials 
are compatible with polyurethane foam. Moreover, in some embodiments, it may be desirable to eliminate a protective 
filter 25, and use only the PUF filter 35 at the proximal end 16 of cigarette 10. 

[001 9] PUF filter 35 is formed from a polyurethane foam which has extensive cellular structure. Preferably, the foam 
is selected from middle-density polyurethane foams, which generally have a density of from about 0.01 to about 0.05 

so grams per milliliter. More preferably, the polyurethane foam used will have a density of from about 0.02 to about 0.04 
grams per milliliter. However, it should be understood by those of skill in the art that any polyurethane foam with a cel- 
lular structure and appropriate density that permits cigarette smoke to pass through may be used with the present 
invention, provided that it conforms to the teachings herein. One foam found suitable for use in the present invention 
may be purchased from San Antonio Foam Fabricator, Product No. NA-85. This foam has a cellular structure and a den- 

55 sity of 0.0302 grams per milliliter. 

[0020] Filter 35 may very in size and dimension as desired by the cigarette manufacturer. Preferably, filter 35 has 
approximately the same diameter as the cigarette in which it is incorporated and a length similar to conventional filters 
used today for cigarettes. This length may average from about 1 to 2.5 centimeters. Furthermore, because the benefi- 
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cial effects of the present invention result from the polyurethane foam absorbing the harmful compounds, providing a 
larger polyurethane foam filter will tend to increase the total percentage of these compounds absorbed. As described 
in more detail below, a 2 cubic centimeter volume polyurethane foam formed into a filter has been shown to successfully 
absorb about 75% of the polynuclear aromatic compounds passing through it. 

5 [0021] To maximize the toxic chemical and carcinogen removing benefits of the present invention, it is preferred that 
the polyurethane foam first be treated to increase the number of absorption sites for binding polynuclear aromatic com- 
pounds and toxic compounds. One method which has been shown useful to achieve this is Soxhlet extraction, which 
cleans the polyurethane foam and therefore increases the number of absorption sites. In this process, a solvent con- 
taining 6% ether in hexane is evaporated from a solvent reservoir. The solvent vapor is then condensed into a chamber 

10 containing the polyurethane foam to be treated. The polyurethane foam in the chamber is gradually immersed in the 
condensed solvent until it is totally immersed. Most of the contaminants on or in the polyurethane foam will be extracted 
into the solvent. The solvent in the chamber is then siphoned through a tube down to the solvent reservoir at the bottom. 
The solvent evaporated out of the solvent reservoir is always pure and free from contaminants from the polyurethane 
foam. 

15 [0022] Therefore, only contaminant-free solvent is condensed into the chamber and all contaminants from the poly- 
urethane foam accumulate in the reservoir. The solvent in the chamber is siphoned approximately once every hour for 
16 hours. After the Soxhlet extraction, excess solvent is removed from the polyurethane foam by blowing it to dryness 
in nitrogen. 

[0023] Other methods suitable to pre-treat the polyurethane foam and therefore increase its polynuclear aromatic 
20 compound and toxic compound binding sites may include extraction using solvents other than 6% ether in hexane, such 
as methylene chloride, hexane, light hydrocarbon based solvents, and mixtures of the foregoing. Furthermore, super- 
critical fluid extraction, steam distillation, hot solvent extraction and any other suitable organic extraction technique may 
also be used. 

[0024] Referring to Figure 2, there is shown as alternative embodiment of the polyurethane foam filter of the present 
25 invention, where the filter is incorporated into a cigarette holder 50 which can be removably attached to a conventional 
cigarette 100. As shown in Figure 2, cigarette 100 comprises a tubular body composed of a paper product wrapped 
around tobacco 120. A conventional filter 125 may be incorporated into the tubular body at proximal end 116, but this 
is not required. Cigarette holder 50 has a generally tubular body 55 which extends from distal end 54 to proximal end 
56, and as shown in Figure 2, tapers to a smaller diameter beginning at point 58 to form smaller diameter mouthpiece 
30 opening 65 at proximal end 56. Cigarette holder 50 may take a variety of other forms, as may be aesthetically pleasing 
or to provide ergonomic benefits. Furthermore, holder 50 may be formed from any of the variety of materials known to 
those of skill in the art to be useful for manufacture of cigarette holders, such as metals and plastics. Holder 50 may 
also vary in length, diameter and appearance, as desired by its manufacturer to provide for desired aesthetic and ergo- 
nomic properties. 

35 [0025] For purposes of the present invention, holder 50 merely provides structure to encompass a polyurethane 
foam filter and provide an airway channel so that cigarette smoke inhaled by a smoker must pass through the poly- 
urethane foam filter. For holder 50, such an airway channel is defined by lumen 60, which extends from the proximal 
end 56 to distal end 54. 

[0026] Lumen 60 has a larger inner diameter at distal end 54, and is proportioned to receive the proximal end of a 
40 conventional cigarette. Preferably, lumen 60 is dimensioned to snugly fit over a conventional cigarette, such that a cig- 
arette inserted into lumen 60 will be held firmly in place, but may be removed with minimal effort by a person. Incorpo- 
rated into lumen 60 is a polyurethane foam (PUF) filter 35 of the present invention. Preferably, the PUF filter 35 has 
been pre-treated to increase the number of polynuclear aromatic compound and cyanide absorption or binding sites, 
as described above. Filter 35 should have a diameter to fill the entirely of lumen 60, such that any cigarette smoke which 
45 passes through lumen 60 to mouthpiece opening 65 must pass through PUF filter 35, This may be accomplished by 
forming filter 35 to nave an uncompressed diameter slightly greater than that of lumen 60, and then slightly compressing 
filter 35 so that it fits snugly in lumen 60. 

[0027] In this manner, polynuclear aromatic compounds and cyanide which contact and bind to the absorption sites 
in PUF filter 35 will be removed from cigarette smoke as they pass through filter 35. Because these compounds are 
so removed from the smoke prior to b4eing inhaled by a smoker, they should not adversely affect the smoker's health, and 
should not adversely affect bystander's health through second-hand smoke. However, as described previously, most of 
the nicotine present in the smoke will pass through the PUF filter 35 to mouthpiece opening 65. 
[0028] The selective absorption properties of the polyurethane foam of the present invention are demonstrated in 
the following experimental examples. 

55 

Experimental Examples 

[0029] A set of cylindrical PUF filters were cut from a sheet of NA-85 polyurethane foam. Each cylindrical PUF filter 
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had an outside diameter(O.D.)of about 1 cm and a height of 1 inch(2.54 cm), and therefore in an uncompressed state 
had a volume of about 2 cubic centimeters. The PUF filters were then pre-treated to increase polynuclear aromatic and 
cyanide binding sites by Soxhlet extraction as described above with 6% ether in hexane for 16 hours. The PUF filters 
were then blown to dryness using nitrogen until all of the solvent was removed. 

5 [0030] One of the PUF filters was slightly compressed and then inserted into clean 6.7 inch long and 0.8 cm inside 
diameter(I.D.)glass tubing with 1.8 cm tapered end. The filter end of a Dorall Full Flavor Premium™ cigarette was 
inserted into the other end of the glass tubing. Because the O.D. of PUF filter was slightly larger than the I.D. of the glass 
tubing, the PUF filter fit snugly in the tubing and all tobacco smoke passing through the glass tubing passed through the 
PUF filter. Teflon tape was wrapped around the filter end of the cigarette and glass tubing to seal them together. All of 

w the Dorall cigarettes used in the study were from the same package. 

[0031] The glass tubing was then connected horizontally to an inlet of a 100 mL impinger manufactured by Ace 
Glassware. The impinger used in this study was designed to trap polynuclear aromatics, cyanide and tar passing 
through the PUF filter 

[0032] All the trapped polynuclear aromatics, cyanide and tar in the impinger would have been inhaled by a smoker 

15 if the cigarette had been smoked. The outlet of the impinger was connected to a hand-pump (Mityvac #OB61 , Neward 
Enterprises, Cucamonga, CA). Each press of the hand-pump pumped approximately 30-40 mL of air through the ciga- 
rette to simulate an inhalation by an average smoker. The impinger was then immersed in liquid argon and the cigarette 
was lit. Continuous pumping was then applied to the hand pump to suck the air through the cigarette. Cigarette smoke 
went through the PUF filter, impinger, and hand-pump before venting into a fume hood. The hand-pump was continu- 

20 ously pumped by hand until the cigarette had 4 mm of length left. The approximate sampling time was one minute. 
[0033] After sampling, the impinger was filled with 70 mL of methylene chloride to dissolve the tar collected and left 
overnight. Afterwards, the methylene chloride was poured into a vial. The impinger was then rinsed with methylene 
chloride to capture any tar remaining in the impinger, and the rinse was poured into the same vial. The methylene chlo- 
ride solution was concentracted down to 20 mL prior to gas chromatography and mass spectroscopy (GC/MS) analysis. 

25 A 4 mL sample of the methylene chloride solution was blown down with nitrogen to remove all methylene chloride and 
the residue or tar was weighed to five decimal places. The tar was weighed twice: one at five minutes after the first 
weighing and the second in the next day. The average of the tar weights is reported in Table 2. 
[0034] The PUF filter used in the experiment was removed from the glass tubing. The PUF filter was then Soxhlet 
extracted using methylene chloride and the extract was concentrated to 5 mL before GC/MS analysis. One milliliter of 

30 the extract was used to measure the weight of tar by the method mentioned above. 

[0035] This experiment was repeated as described above, except that in the second experiment the cigarette was 
completely burned. The conventional cigarette filter burned slightly before end of the sampling. 
[0036] The same procedure as the first experiment was performed four more times with the following changes to 
the protocol: 

35 

Experiment 3 was with a conventional filtered cigarette and without a PUF filter, 
Experiment 4 was with a partially filtered cigarette and a PUF filter, 
Experiment 5 was with an unfiltered cigarette and without a PUF filter, 
Experiment 6 was with a PUF filter, but without a cigarette (laboratory blank). 

40 

[0037] In Experiment 4, 75% of the regular cigarette filter was removed and replaced with a PUF filter without tear- 
ing the paper holding the cigarette filter. The remaining 25% of the regular cigarette filter segregated the cigarette from 
PUF filter to prevent burning of the PUF filter during this experiment. 

45 Results 

[0038] No compounds were detected in the laboratory blank in either the impinger and PUF filter (Experiment 6). 
[0039] Table 1 compares the polynuclear aromatics and tar trapped in the impinger while (1 ) using the cigarette with 
only a conventional cigarette filter; (2) using a partially filtered cigarette with only a PUF filter; and (3) using the cigarette 

so without any filter. As shown in table 1 , the PUF filter of the present invention is significantly better than regular cigarette 
filters in removing toxic polynuclear aromatics such as 2-methylnaphthalene, acenaphthylene, acenaphthene, dibenzo- 
furan, fluorene, phenanthrene, anthracene, carbazole, fluoranthene, pyrene, benzo(a)anthracene and chrysene. This is 
demonstrated from comparing the weight of polynuclear aromatic compounds found in the impinger when a conven- 
tional filter was used to those found when the PUF filter was used. However, the nicotine and cotinine (oxidation product 

55 of nicotine) emissions from the cigarette with PUF filter are roughly the same as a cigarette with the regular cigarette 
filter. 

[0040] The percentage of polynuclear aromatics and tar removed in the other experiments using the PUF filter are 
listed in Table 2 to 4 and summarized in Table 5. In those experiments where a 2 cubic centimeter PUF filter is used in 
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conjunction with a regular cigarette filter, the PUF filter of the present invention removed about 60% of polynuclear aro- 
matic compounds in cigarette smoke which contacted it, or 30% per cubic centimeter of uncompressed foam material. 
Furthermore, the PUF filter permitted about 75% of the nicotine in cigarette smoke which contacted the PUF filter to 
pass through. In those embodiments in which about 75% of the regular filter of a cigarette was replaced with the PUF 

5 filter, the PUF filter removed about 74% of polynuclear aromatic compounds contacting it, or about 37% per cubic cen- 
timeter of uncompressed foam material, but still permitted about 75% of the nicotine in cigarette smoke to pass through. 
[0041] As noted above, a PUF cylindrical body having a volume of 2 cubic centimeters in its uncompressed state 
was slightly compressed and inserted into the experimental apparatus to function as a filter. In Experiment 4, this PUF 
filter removed 74% of the polynuclear aromatic compounds when used without a complete regular filter (75% of the reg- 

10 ular filter removed), compared to only 60% when a complete regular filter was used as in Experiment 1. This may be 
due to the fact that there are significant amounts of glycerol triacetate embedded in most regular cigarette filters. It was 
observed that the amount of glycerol triacetate found in each experiment was approximately the same as that of nico- 
tine. The glycerol triacetate emitted during these experiments may be trapped by the PUF filters. The trapped glycerol 
triacetate would occupy many of the absorption sites on the PUF filter, which would be otherwise available for polynu- 

15 clear aromatics. Therefore, with a complete regular cigarette filter, the efficacy of the PUF filter trapping polynuclear aro- 
matics was reduced, compared to when used with only a partial (25%) regular cigarette filter. In view of these results, 
it is expected that the percentage of polynuclear aromatic compounds absorbed by the PUF filter would increase from 
74% to about 80-90% per 2 cubic centimeters of uncompressed PUF starting material, if the PUF filter is used without 
any conventional cigarette filter, or if the amount of glycerol triacetate in regular cigarette filter is reduced. 

20 [0042] Three more experiments were performed to determine the efficiency of PUF filters in removing cyanide from 
cigarette smoke. These experiments were performed in the same manner as the first experiment. However, instead of 
70 mL of methylene chloride to dissolve tar trapped in the impinger by liquid argon, 37 ml_ of 0.25 N sodium hydroxide 
was added to impinger to rinse and convert trapped inorganic cyanide compounds to cyanide anion, which was then 
analyzed by ion chromatography. For a cigarette with conventional filter but without PUF filter, 660micrograms of total 

25 cyanide were found in the 37 mL impinger rinsing solution. This was from the smoke that would have been inhaled by 
the smoker if the cigarette had been smoked. However, for a cigarette with both regular filter and PUF filter, 250 micro- 
grams of total cyanide were found in the 37 mL impinger rinsing solution. For a blank, an unlit cigarette with regular filter 
but without PUF filter was used. For the blank, cyanide was not found at the detection limit of 3.7 micrograms in the 37 
mL impinger rinsing solution. These experiments indicate that approximate 62% of totalcyanide in cigarette smoke 

30 passing through the PUF filter was removed by a PUF filter of the present invention. 

[0043] Because the PUF filter used in this study are made from medium density polyurethane foam, the pressure 
drop across the PUF filter is much lower than regular cigarette filter. Most smokers familiar with a conventional cigarette 
filter may not be familiar with a filter which has a low pressure drop. Consequently, they may inhale larger quantities of 
smoke at the beginning. Therefore, smokers may either be informed of the lower pressure drop, or use a PUF filter as 

35 an additional filter after the regular cigarette filter. In the latter way, the PUF filter may be inserted in a cigarette holder 
and then a cigarette with regular filter is inserted into the cigarette holder before smoking. 



Table 1 



Comparison of Polynuclear Aromatic Emissions (in ng) of Cigarette Smoke from a Filterless Cigarette, a Conven- 
tional Cigarette with a Filter, and a cigarette With a PUF Filter 


Compound 


Cigarette Filter:NONE 

PUF FiltenNONE (Experiment 5) 


Cigarette Filter:Yes 
PUF Filter:NO 
(Experiment 3) 


Cigarette FiltenPARTIAL 
PUF FiltenYES 
(Experiment 4) 


2-methyinaphthalene 


4600 


1872 


625 


Acenaphthylene 


714 


647 


45 


Acenaphthene 


469 


230 


44 


Dibenzofuran 


451 


106 


37 


Fluorene 


1126 


40 


159 


Phenanthrene 


736 


274 


74 


Anthracene 


298 


95 


26 


Carbazole 


984 


513 


153 
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Table 1 (continued) 



Comparison of Polynuclear Aromatic Emissions (in ng) of Cigarette Smoke from a Filterless Cigarette, a Conven- 
tional Cigarette with a Filter, and a cigarette With a PUF Filter 


Fluoranthene 


198 


96 


29 


Pyrene 


213 


124 


29 


Benzo(a)anthracene 


212 


139 


43 


Chrysene 


99 


35 


7 


Tar 


14600000 


7370000 


6830000 


Nicotine 


2500000 


1340000 


1550000 


Cotinine 


18400 


11900 


10200 



Table 2 



Analytical Results of Experiment 1 


Cigarette Filter: YES, PUF filter: YES 


Compound 


Amount Trapped by PUF 
Filter in ng 


Amount Collected in 
Impinger After PUF Filter 
in ng 


Percentage of Total 
Amount Absorbed by 
PUF Filter 


2-methyinaphthalene 


1610 


618 


72% 


Acenaphthylene 


215 


144 


60% 


Acenaphthene 


168 


89 


65% 


Dibenzofuran 


116 


39 


75% 


Fluorene 


236 


111 


68% 


Phenanthrene 


138 


94 


59% 


Anthracene 


42 


47 


47% 


Carbazole 


80 


248 


24% 


Fluoranthene 


26 


71 


27% 


Pyrene 


21 


68 


24% 


Benzo(a)anthracene 




122 


0% 


Chrysene 








Total Polynuclear Aromatics 1 


2652 


1651 


62% 


Tar 


340000 


2990000 


10% 


Nicotine 


263000 


759000 


26% 


Cotinine 


17 


5328 


0% 



1 As used herein and in the claims, the phrese " Total Polynuclear Aromatics " refers to the summation of the concentra- 
tions of all polynuclear aromatics (from 2-methyinaphthalene to chrysene) listed in this table. 
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Table 3 



Analytical Results of Experiment 2 


Cigarette Filter: YES, PUF filter: YES 

Cigarette: Burned Completely and Cigarette Filter Slightly Burned 


Compound 


Amount Trapped by PUF 
Filter in ng 


Amount Collected in 
impinger Arter rUr r liter 
in ng 


Percentage of Total 
Amount Absorbed by 
PUF Filter 


2-methyinaphthalene 


1862 


867 


68% 


Acenaphthylene 


345 


215 


62% 


Acenaphthene 


211 


89 


70% 


Dibenzofuran 


123 


37 


77% 


Fluorene 


362 


201 


64% 


Phenanthrene 


151 


82 


65% 


Anthracene 


50 


193 


21% 


Carbazole 


110 


306 


26% 


Fluoranthene 


31 


87 


26% 


Pyrene 


32 


108 


23% 


Benzo(a)anthracene 


39 


135 


22% 


Chrysene 








Total Polynuclear Aromatics 1 


3316 


2320 


59% 


Tar 


800000 


4920000 


14% 


Nicotine 


372000 


1220000 


23% 


Cotinine 


1390 


80000 


15% 



1 As used herein and in the claims, the phrese " Total Polynuclear Aromatics " refers to the summation of the concentra- 
tions of all polynuclear aromatics (from 2-methyinaphthalene to chrysene) listed in this table. 
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Table 4 



5 



15 



20 



25 



30 



Analytical Results of Experiment 4 


Cigarette Filter: PARTIAL, PUF filter: YES 


Compound 


Amount Trapped by PUF 
Filter in ng 


Amount Collected in 
Impinger After PUF Filter 
in ng 


Percentage of Total 
Amount Absorbed by 
PUF Filter 


2-methyinaphthalene 


1782 


625 


74% 


Acenaphthylene 


30 


45 


40% 


Acenaphthene 


261 


44 


86% 


Dibenzofuran 


257 


37 


87% 


Fluorene 


642 


159 


80% 


Phenanthrene 


268 


74 


78% 


Anthracene 


101 


26 


80% 


uaroazoie 


1 to 


loo 


coo/ 
OO70 


Fluoranthene 


43 


29 


60% 


Pyrene 


39 


29 


57% 


Benzo(a)anthracene 


42 


43 


49% 


Chrysene 


11 


7 


61% 


Total Polynuclear Aromatics 1 


3649 


1271 


74% 


Tar 


1540000 


6830000 


18% 


Nicotine 


514000 


1550000 


25% 


Cotinine 


2080 


10200 


17% 



1 As used herein and in the claims, the phrese " Total Polynuclear Aromatics " refers to the summation of the concentra- 
tions of all polynuclear aromatics (from 2-methyinaphthalene to chrysene) listed in this table. 
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Table 4 





Summary of Percentage of Total Polynuclear Aromatics Absorbed by PUF Filter 


5 


Compound 


Experiment 1 

Cigarette Filter: 
YES 


Experiment 2 

Cigarette Filter: 
YES 


Experiment 4 

Cigarette Filter: 
PARTIAL 


Average of Percentage of Total 
Amount Absorbed by PUF Filter 


10 
15 




PUF Filter: YES 


PUF Filter: YES 












Ciaarette Com- 
pletely Burned 
and Cigarette 

Filter Qlinhtlu 

Burned 


PUF Filter: YES 
















Average 


Standard Devia- 
tion 


20 


2-methyinaph- 
thalene 


72% 


68% 


74% 


71% 
f 1 /o 


2% 




Acenaphthylene 


cno/ 
DO 7o 


coo/ 


A AO/ 

4U /o 


54% 


10% 




Acenaphthene 


C CO/ 

65% 


70% 


DCO/ 

ob/o 


74% 


9% 


25 


Dibenzofuran 


75% 


77% 


87% 


80% 


5% 


Fluorene 


68% 


64% 


80% 


71% 


7% 




Phenanthrene 


59% 


65% 


78% 


67% 


8% 




Anthracene 


47% 


21% 


80% 


49% 


24% 


30 


Carbazole 


24% 


26% 


53% 


34% 


13% 




Fluoranthene 


27% 


26% 


60% 


38% 


16% 




Pyrene 


24% 


23% 


57% 


35% 


16% 


35 


Benzo(a)anthra- 
cene 


0% 


22% 


49% 


24% 


20% 




Chrysene 






61% 


61% 


0% 


40 


Total Polynu- 
clear Aromatics 1 


62% 


59% 


74% 


65% 


6% 


Tar 


10% 


14% 


18% 


14% 


3% 




Nicotine 


26% 


23% 


25% 


25% 


1% 




Cotinine 


0% 


15% 


17% 


11% 


8% 



45 1 As used herein and in the claims, the phrese " Total Polynuclear Aromatics " refers to the summation of the concentrations 
of all polynuclear aromatics (from 2-methyinaphthalene to chrysene) listed in this table. 



[0044] Although this invention has been described in terms of certain preferred embodiments, other embodiments 
will be apparent to those of ordinary skill in the art in view of the disclosure herein are also within the scope of this inven- 
50 tion. Accordingly, the scope of the invention is intended to be defined only by reference to the appended claims. 

Claims 

1 . A filter (35) for removing harmful compounds from tobacco smoke, characterized in that it comprises a pre- 
55 treated polyurethane foam body capable of absorbing polynuclear aromatic compounds. 

2. The filter (35) of claim 1 , wherein said polyurethane foam is middle-density cellular polyurethane foam. 
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3. The filter (35) of claim 1 or 2, wherein said polyurethane foam is pre-treated to increase the number of, particu- 
larly, polynuclear aromatic compound binding sites. 

4. The filter (35) of claim 3, wherein said pre-treatment of said polyurethane foam comprises Soxhlet extraction by 
5 6% ether in hexane for 16 hours. 

5. The filter (35) of claim 4 or 5, wherein said pre-treatment is such to create also binding sites for cyanide. 

6. The filter (35) of any one of the preceding claims, wherein said polyurethane foam has a density of between 
10 about 0.01 g/ml to about 0.05 g/ml and preferably of between 0.02 g/ml and 0.04 g/ml. 

7. The filter (35) of any one of the preceding claims, wherein said polyurethane foam body is designed to absorb at 
least 60%, preferably at least 75% and most preferably at least 90% of the total polynuclear aromatic compounds 
in tobacco smoke. 

15 

8. The filter (35) of anyone of the preceding claims, wherein said polyurethane foam body is designed to permit 
about 75% of the nicotine in tobacco smoke to pass through the filter. 

9. The filter (35) of the claims 7 and 8, wherein said polyurethane foam body is designed to absorb 30 to 45% of 
20 the total polynuclear aromatic compounds passing through the filter per cubic centimeter of the uncompressed 

polyurethane foam material, but permits more than 30% of the contacting nicotine to pass through unabsorbed per 
cubic centimeter of the polyurethane foam material. 

10. The filter (35) of any one of the preceding claims wherein said polyurethane foam body is designed to absorb 
25 in aggregate more than 60% of the polynuclear aromatic compounds in tobacco smoke passing through the filter 

per 2 cubic centimeters of uncompressed foam material used to make the filter. 

11. The filter (35) of any one of the preceding claims, wherein said polyurethane foam body is of tubular shape and 
employed to have a proximal end and a distal end. 

30 

13. The filter (35) of any one of the preceding claims, incorporated into the body (12) of a cigarette (10). 

14. The filter (35) of claim 13, incorporated into the body (12) of a cigarette (10) in conjunction with a conventional 
cigarette filter (25). 

35 

15. The filter (35) of any one of the claims 1 to 12, incorporated into the body of a cigar. 

16. The filter (35) of any one of the claim 1 to 12, incorporated into a cigarette holder (50) or a cigar holder. 

40 17. The filter (35) of any one of the claims 1 to 12, incorporated into a pipe. 

18. A method of making a cigarette (10) including the filter (35) of any one of the claims 1 to 14, characterized by 
the following steps: 

45 - providing a middle-density cellular polyurethane foam, 

pre-treating said polyurethane foam to increase the number of polynuclear aromatic compound binding sites, 
forming said polyurethane foam into a cylindrical body, and 
incorporating said cylindrical body into a cigarette (10) as a cigarette filter. 

50 
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Fig. 2 
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